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Abstract 
The adaptive educational systems include several solutions for providing personalized access to the learning 
process. The learner’s profile constitutes the key element of these solutions. Therefore, an educational system 
represents the learner’s profile by its own syntax, semantic and structure. Each system can have incomplete or 
partial learner’s data.  As a consequence, there is a strong need to exchange the learner’s profiles between different 
systems to enhance and enrich the learner’s knowledge. However, the data exchange between the learner’s profiles 
implies interoperability problems. In our work, we are interested in the evolving learner’s profiles interoperability 
problem. In this context, we propose an architecture allowing the data exchange of the learner’s profile in 
educational cross-systems in order to improve the adaptation navigation. This architecture is automatically adapted 
to the learner’s profiles that evolve over time. These latter are syntactically, semantically and structurally 
heterogeneous. The evaluation values show the effectiveness of our approach. 
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1. Introduction 
Generally, the learner’s profiles are represented by different standards, syntax and semantics in different 
educational systems. Each system can has incomplete or partial learner’s data. The learner’s profile can be empty or 
contain very little information. Therefore, no learner’s adaptation can be realized. This problem is known in the 
literature as the cold-start problem. As a consequence, there is a strong need to exchange the learner’s profiles 
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of KES International
663 Leila Ghorbel et al. /  Procedia Computer Science  60 ( 2015 )  662 – 670 
between the different systems to enhance and enrich the learner’s profile data. However, the data exchange between 
the learner’s profiles implies interoperability problems. The interoperability is defined as the ability to cooperate and 
exchange data despite the differences between the languages, interfaces, and execution platforms20. In order to 
overcome such differences, we must resolve them in the structure, syntax and language. 
This definition of interoperability may be revised to get the definition for the interoperability of the user’s 
profiles. Several authors10,19 defined the user’s profiles interoperability by means of: (1) accelerating the 
initialization of the user’s profiles in the case of the cold-start problem, (2) acquiring relevant user data, and (3) 
exchanging the user’s profiles.  
Several Works, in different fields, have been proposed in literature to provide solutions to the problem of the 
user’s profiles interoperability and particularly of the learner’s profiles. These works mainly provide structure, 
semantics and a common model of the user’s profiles for all systems in order to simplify the profile exchange. 
However, to our knowledge, these common models do not resolve the problem of data exchange between profiles 
evolving over time. In our work, we propose an architecture allowing the exchange of learner’s profiles between 
different educational cross-systems in order to adapt the navigation. These profiles evolve over time and are 
syntactically, semantically and structurally heterogeneous. 
The remainder of this paper is structured as follow: in section 2, we present a state of the art on the works that 
specifically address the learner’s profiles interoperability. In section 3, we present our contribution to the proposal of 
an adaptive and interoperable architecture in educational cross-systems. In Section 4, we describe the results of the 
evaluation of our architecture. Finally, section 5 concludes the paper and gives an overview of the ongoing works 
that we try to achieve. 
2. State of the art 
The problem of learner’s profiles interoperability is treated in several works. These works aim mainly to adapt 
the learner’s access throughout their learning experience by the data exchange between different profiles. Most of 
them respect three main key points for the learner’s profiles exchange: (i) the interoperability architecture, (ii) the 
representation of the exchanged data and (iii) the integration of the exchanged data. 
The first key point describes the used architecture of the profiles interoperability. There are three architecture 
types: centralized, decentralized and mixed2. In the centralized architecture, all the learner’s data are stored in a 
central storage unit. The learner’s profile is unique and centralized: Generic Learner Profile GLP. In the 
decentralized architecture, each system is occupied by the management of its local learner’s profile storage and 
communicates with other systems to collect the required data. In this architecture, each system is independent, but 
the connection between the systems is one to one. In the mixed architecture, each system has a local learner’s profile 
storage unit (decentralized approach) which refers to a central learner’s profile (centralized approach).   
The second key points describe how the data are represented at the exchange phase. In literature, three 
representations are distinguished: (i) the first is a standardized learner’s profile representation (common 
representation) using ontology or unified profiles17,13 , (ii) the second is based on mediation (translation) of different 
profile data of a specific user5 and (iii) the third based on the two first representation18, 15,12. 
The first representation is based on the definition of standard ontology or unified profiles that can be used by 
multiple systems. Some researchers propose an eProfile application allowing a better adaptation to the ubiquitous 
learning environment with the data exchange through an ontological learner’s profile called eOntoProfile17. Other 
researchers provide a common representation in XML of two learner’s profile standards through which the data are 
exchanged13. As a consequence, the course content is adapted and presented to students, according to each student’s 
program, cognitive characteristics, and navigation preferences. 
This representation is an incomplete solution because of the variety of the stored learner’s profile data (interests, 
preferences, navigation historic, evaluation ...) and the large quantity of differences in syntax, structure and semantic 
of the latter ones. In fact, the emergence of a new system requires the reconstruction of a new ontology or a new 
unified profile. For this reason, the second representation appeared to be a possible solution to these problems.  
The solution is to use mediation techniques21 to develop a mapping between the different representations of a 
learner’s profiles using suitable mapping rules. The data exchange is made after the achievement of the semantic 
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agreement. Each system in this category has its own learner’s profile and creates a central profile model containing 
the most frequently used data that can be shared.  
To exchange data, each system must do the mapping with the central models of other systems. This requires a 
mediation process (or translation) which is carried out through a component called "mediator". There are researchers 
that use the mediation technique to exchange the learner’s information in order to integrate a personal and 
institutional learning environment5. 
This category has the advantage that each system may adopt its own representation of the user’s profiles in terms 
of language and structure. However, each peer system needs to create the mapping in both directions. Therefore, the 
mediator must implement multiple mapping rules for different user’s profile models. In addition, during the 
introduction of a new user’s profile model representation, the mediator must develop new mapping rules from this 
representation to other representations and vice versa. 
The third representation appeared to overcome the disadvantages of the first two. The representation of the 
exchanged data is based on a common user’s model and the translation of data between the common and the other 
system models18,15,12. In the FUSE18 approach, the researchers propose the canonical model through which the data 
are exchanged with a translation process based on mappings. This approach is used to support personalized activity-
based learning on the web16. Another approach is proposed to provide an educational-oriented approach for building 
personalized e-learning environments that focus on putting the learners’ needs on a central learner’s profile15. Other 
researchers present an application scenario for sharing and reusing the learner’s information through the mediation 
of an ontological ubiquitous user’s model to provide personalized and proactive services12. 
The third key point, which is the integration of the exchanged data, describes how the exchanged data can be 
integrated and how to deal with generated conflicts. In literature, we distinguish two data integration approaches. 
In the first, the data collected from different systems are not merged (without fusion) in each existing learner’s 
profile, but they are used only when needed. The majority of works in literature adopt this approach. They consider 
that interoperable systems are responsible for the integration of the exchanged data as needed. The data are stored in 
different systems and transferred, on request, to the mediator15. Then, they are converted into the requested format 
but not stored in the mediator15. Thus, the integration is done on the fly when needed. 
In the second approach, the collected data are merged (fusion) into the existing learner’s profiles. This approach 
requires data integration and conflict resolution operations. The conflicts can occur in the data or the data values 
collected from the learner‘s profiles of the different systems. Some researchers adopt the integration of the 
exchanged data with fusion and conflict resolution18,17,12. In the FUSE18 approach, fusion is the result of data 
mappings, and the technologies used for data exchange. In fact, the mapping and the conflict detection are 
performed manually by an administrator.  
All the works discussed aim to facilitate the exchange of the learner’s profiles data in order to provide a 
personalized access throughout the learning process. However, there is a difficulty to achieve syntactic and semantic 
interoperability and to define the parts of the learner’s profile to be shared. In addition, to mediate the data, it is 
necessary to make the mappings between the different learner’s profiles. This is done either by the use of the generic 
mapping tools like Altova-MapForce1, and Microsoft BizTalk2 , or manually.  In both cases, it is difficult to create a 
suitable mapping when dealing with a large amount of semantic and syntactic heterogeneity. 
Consequently, further efforts must be made to resolve the problems already mentioned and other problems that 
are not yet resolved. In particular, it is necessary to consider that the learner’s profile evolves with the exchange and 
integration of the data. Therefore, the part or parts of the profile to be shared, used and modified by other systems 
should be known. In fact, over time, and after numerous exchange and integration operations, the learner’s profile 
can be overloaded and the system cannot distinguish relevant data to take into account to better adapt the navigation 
by identifying the best links. So, each system may be faced with a cognitive profile overload. To solve the problem 
mentioned above, the profile should always contain the most relevant data to be shared or exchanged. This problem 
should also be solved in the generic learner’s profile through which the systems exchange data. 
 
 
1 www.altova.com/MapForce. 
2 www.microsoft.com/biztalk 
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Based on the discussed works, we propose an interoperable architecture allowing the exchange of the learner’s 
profile information between educational cross-systems in order to get a uniform access to the learner’s profiles and 
to improve the adaptation navigation. The learner’s profiles evolve over time and are syntactically, semantically and 
structurally heterogeneous. 
3. The adaptive and interoperable architecture 
Our architecture is based on MEDI-ADAPT24 which is an extension of DARPA I38 by the addition of an 
adaptation layer. The MEDI-ADAPT provides an adaptive and uniform access to heterogeneous semi-structured 
documents through the mediation and the adaptation layer. The adapted results returned to the user are based on his 
profile data. 
In our work, we are interested in adapting the learner’s access by the exchange of the learner’s profile data stored 
in different educational cross-systems by taking into account the evolution and the heterogeneity of the learner’s 
profiles.  
 Consequently, the proposed architecture is composed of four layers inspired from MEDI-ADAPT: client, 
adaptation, interoperability and sources (see Fig.1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Architecture of adaptive educational cross-systems 
In our context, the client layer allows the interaction between the learner and the educational systems. Thus, the 
learner can send a request by clicking on the provided links through different types of devices (PC, mobile ...). The 
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3.1. Source layer 
The source layer is composed of the learning objects and learners’ profiles.  The learning objects can be a web 
page, an image, a video, a test or any other element involved in the learning process. The learner’s profiles can be 
represented by two main standards PAPI14 (Public and Private Information for Learners) or IMS LIP14 (IMS Learner 
Information Package).   
The PAPI standard is composed of six learner’s information categories: Learner Personal (name, address, contact 
…), Learner Relations (relationship with other students and tutors), Learner Security (access, password, ...), Learner 
Performance (experiences, work in progress and goals), Learner Portfolio (collection of the learner’s works used to 
illustrate its capabilities) and Learner Preference. 
The IMS LIP standard is an evolution of the PAPI standard. It is composed of 11 categories: Identification, 
Accessibility (preferences, languages …), QCL (Qualifications, Certifications and Learner’s diplomas), Activity, 
Goals, Competencies, Interest, Transcript (learner’s data content), Affiliation, Security Key and Relational 
(relationship between the learner data structure). 
The learner can have different profiles stored in the learners’ profile data base related to each educational system. 
In order to return the adapted results (learning objects) to the learner, we need to exchange the data between his 
profiles. Thus, we need to interoperate the two heterogeneous standards. 
3.2. Interoperability layer 
This layer describes the interoperability process which is based on the mixed architecture (see section 2): each 
system has a local profile data base and a local learning object data base. The local profiles refer to a central profile 
over mapping techniques. Therefore, we find these two processes: the “Learner Profile Transformation” and the 
“Data Fusion”. These processes are related to the “Global Profile GP”. 
The first process is used for transforming the local learner’s profiles which are represented by PAPI and IMS LIP 
standards to a global one “Global Profile GP” by creating automatic mapping rules to resolve such differences. The 
mapping rules are represented in xml. 
The proposed GP model, which is shown in figure 2, is based on the profile schema proposed in our previous 
work23 in which we add an extension that describes the learner’s experience that evolves over time.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The proposed Global Profile schema design 
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This profile helps the learner when navigating in the learning objects (lesson, activity …) by taking into account 
several parameters. These latter are based on PAPI and IMS LIP categories.  As we can see in figure 2, the learner 
has two principal parameters: the first describes his identity (LEARNER_IDENTITY) and the second describes his 
learning experience (LEARNER_PARAM). The learning experience is made up by the visited courses (COURSE). 
Each (COURSE) is identified by (COURSE_ID), its name (COURSE_TITLE), the last visit date 
(COURSE_VISIT_DATE). For each (COURSE), we specify the learned (LESSONS) and its related 
(ACTIVITIES). A (LESSON) is identified by (LESSON_ID), its name (LESSON_TITLE), the last visit date 
(LESSON_VISIT_DATE) and the number of visits (LESSON_VISIT_NUMBERB).  An activity is identified by 
(ACTIVITY_ID), its name (ACTIVITY_TITLE), its type (ACTIVITY_TYPE), the time spent (SPENT-TIME), the 
date of the visit (DATE), the number of attempts (ATTEMPT_NUMBER) and the attained score (SCORE). 
In order to exchange data, each system is expected to map to the “GP” based on the mapping rules.  Then, we 
merge the exchanged data in “GP” based on the “Data Fusion” process. In the exchanged data coming from different 
systems, possible conflicts may occur. For this reason, these conflicts should be resolved with the “Data Fusion” 
process. 
With the first user’s interaction, each system can have incomplete or partial user’s data: the leaner’s profiles can 
be empty or contain very little information. Therefore, these systems need to exchange data stocked in “GP” to solve 
the problem of the cold start problem. For this purpose, the exchanged data should be merged in the local learner’s 
profiles in order to better adapt the results to the learners. 
3.3.  Adaptation layer 
In order to adapt the results to the learners, we are based on two processes: the adaptation navigation and the 
overload reduction. 
 The adaptation navigation process is based on the method proposed by our team of work22. This method aims to 
solve the disorientation problem when navigating in semi-structured document. Therefore, it allows identifying the 
best navigation path between the returned documents by calculating a score for each document. This score is based 
on the user’s profile navigation parameters. 
In our case, we inspire this idea by calculating the score for each learning object. This score is based on the “GP” 
navigation parameters (LEARNER_PARAM) which are derived from the local learner’s profiles.  
In order to improve the result of the navigation adaptation, the system should be based on the most pertinent GP 
data to calculate the learning object scores. However, with the recurrent learner-system interaction, several data 
fusion operations in the “GP” are performed. As a result, the “GP” evolves over time and become overloaded with 
pertinent and non pertinent data. This can cause a cognitive overload problem for the system which cannot 
distinguish between pertinent and non pertinent data in the profile to be taken into account. In addition, it can 
produce a waste of time when identifying the pertinent data of local learner’s profiles to be merged in the “GP” and 
the part of “GP” to be considered to adapt the navigation. 
For this reason, we propose to add a new process called “Overload Reduction”. Some methods have been 
conducted to resolve the problem of the user’s profile overload but not in interoperable systems. These methods can 
be grouped in two categories: implicit and explicit according to the user’s intervention. Explicit methods require the 
user’s intervention to remove the non pertinent data from his profile11, while the implicit ones are automatic 
machine-based learning techniques3,7.  
This process is based on the method proposed in our previous work23, which is based on the semi-supervised 
learning technique and specifically on Co-Training algorithm to detect and remove non pertinent data. This method 
is automatically adapted to the content of any profile. An experimental study by qualitative and comparative 
evaluations shows that this method can detect and remove non pertinent profile data effectively. 
4. Experimentation 
To evaluate our approach, we select two distributed educational systems: (1) a learning management system 
called “Moodle” and (2) a learning assessment system called “Position Platform”. The learners are members of both 
systems at the same time. In Moodle, the learners can learn courses, do activities, receive marks about these 
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activities, take exams, etc. In the Position Platform, the learners can take exams in the form of multiple choice 
questions and get marks. The learner’s profiles are represented in different structure, syntax and semantics. The data 
exchange between the two learner’s profiles is beneficial for many reasons, in particularly, to adapt the navigation.  
The evaluation was performed on students of the Virtual University of Tunisia. The latter ones want to get a 
Certificate in Information technologies and Internet (C2I). The courses of this module belong to 5 domains and each 
domain includes 4 competencies (sub-domains) where each one includes several themes. Each student wants to take 
the certificate exam.  When he accesses his account on Moodle for revising, he faces several links related to the 
whole domains (competencies, activities, etc.) in which some links are not useful. This is due to the overload of his 
profiles with pertinent and non pertinent data describing the whole learning experience.  
Each student needs to be oriented with the best links to accomplish his revision: links to domains (or 
sub_domains) that he doesn’t have the average score in the related activities and the related passed exams.  
The score exchange of each student in such domain (competency) in the Position Platform deals with such 
difficulties because the learner’s profiles are different. The learner’s profile in Moodle is represented by the IMS 
LIP standard and respects the XML syntax. In the Position Platform, it is represented by the PAPI standard and 
respect RDF syntax. Therefore, the learner’s profiles evolve after each learner-system interaction. For this reason, 
the proposed Global Profile and the Overload Reduction process must be set up to resolve these problems. The 
global profile should contain the overall pertinent parts of each local profile to provide the best links to revise the 
certificate. 
Evaluation is performed on 40 learners based on three values: (1) the precision of the provided links in order to 
evaluate the adaptation navigation process, (2) the spent time in providing links to revise the C2I certificate in order 
to evaluate the overload reduction process and (3) the success percentage to evaluate the overall approach. The first 
20 learners revise for the C2I certificate in which our architecture is not set up. The second 20 revise for the C2I 
certificate based on links provided by our architecture.  
The precision values are based on the first 20 learners (see Fig. 3). The precision (see equation 1) is the number 
of the provided pertinent links (Nb-Pertinent-Links) which are visited by the learner divided by the total number of 
the returned links (Total-Returned-Links) based on our architecture. 
 
LinksturnedTotal
LinksPertinentNbecision 
 
Re
Pr                                                                                                                         (1) 
 
As we can see in figure3, the precision values are satisfying. Actually, they are comprised between ‘0,66’ and ‘0,92’ 
and the precision average is ‘0,89’.  This average explains that 89% of the provided links are pertinent and 
correspond to the learners’ needs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Links precision 
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The spent time values are based on the second 20 students. These values are detected at the moment of providing the 
links to the learners, firstly, with an overloaded global profile and, secondly, with a filtered global profile (see Fig. 
4).  
This figure shows a clear gain in the spent time. For example, the spent time for providing the links to learner 
number ‘2’ decreases from ‘92’ seconds (with overloaded global profile) to ‘50’ seconds (with filtered global 
profile). Thus, we note that a ‘42’ second gain in spent time corresponds to 45% of time reduction. 
Based on the spent time values showed in figure 4, we obtain an average of 40%. 
 
 
 
 
 
                                          
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Providing links spent time 
 
After the revision, the learners took the certification exam. The results showed a clear improvement in the 
success percentage: 65% of the first 20 learners and 90% of the second 20 ones. 
The evaluation values confirm the effectiveness of our architecture. 
5. Conclusion  
With the learner’s profiles interoperability Adaptive educational systems tend to resolve many problems, such as 
the cold start problem, conflict on the exchanged data, etc.  
In this paper, we presented our approach to solve the problems associated with the exchange of the learner’s 
profile data evolving over time. This approach offers a unified and transparent access to the different learner’s 
profiles over the Global Profile in order to adapt the navigation. This approach was evaluated on 40 learners and 
showed good results. 
In future works, our approach will take into account the exchange of other parameters derived from educational 
system (the learning style6, the ability1 and the working memory capacity4), social networks1 (interests and 
preferences) in order to better improve the effectiveness of the results.  
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